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(57) Abstract: A cardiac constraint 
device comprising a jacket of biological 
compatible material and an adjustment 
member. The jacket is adapted to be 
secured to die heart to snugly conform 
to an external geometry of the heart and 
assume a maximum adjusted volume 
to constrain circumferential expansion 
of die heart beyond die maximum 
adjusted volume during diastole and 
to permit unimpeded contraction of the 
heart during systole. The adjustment 
mechanism is configured to alter the 
internal volume defined by die jacket 
after the jacket is secured to die heart 
The invention also provides a mediod 
for treating cardiac disease. 
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CARDIAC DISEASE TREATMENT AND DEVICE 

This iCTli<»ti<m is being ffled as aPCT qjpUcation by ACORN 
CARDIOVASCULAR, INC., a United States national and resident, designating all 
5 countries except US. 

Field of the Invention 

The present invention pertains to a device and method for treating congestive 
heart disease and related valvular dysfimction. More particularly, tiie present 
10 invention is directed to a cardiac constraint tiiat is adjustable after implantat^ 

Background of the Invention 

Congestive heart disease is a progressive and debilitating illness. The 

disease is chaiactodzed by a progressive enlargement of ttie heart As the heart 
15 enlarges, the heart is perfonning an increasing amount ofwodc in order to pump 
blood each heart beat In time, the heart becomes so enlarged flie heart cannot 
adequately siqjply blood. An afOicted patient is Mgued, unable to perform even 
simple exerting tasks and e3q)eriences pain and discomfert. Further, as the heart 
enlarges, tiie internal heart valves cannot adequately close. This impairs the 
20 ftmctionofflie valves and furflier reduces the heart's abihty to supply blood. 

Causes of congestive heart disease are not fully known. In certain instances, 
congestive heart disease may result fiom viral infections. In such cases, the heart 
may enlarge to sudi an extent that flie adverse coisequences of heart enlargement 
continue after die viral infection has passed and the disease continues its 
■ 25 progressively dd)ilitating course. 

Patients suffering fiom congestive heart disease are commonly grouped into 
four classes (Le., Classes I, II, HI and IV). In flie early stages (e.g.. Classes I and II), 
drug therapy is the commonly proscribed Ireatment Drug fliersjiy treats die 
symptoms of the disease and may slow the progression of the disease. Iiiq)ortantly, 
30 there is no cure for congestive heart disease. Even with drug ther^y, the disease 
willprogTMS. Further, die drugs may have adverse side effects. 

Presently, the only pemianenl treatment for congestive heart disease is heart 
transplant To quaUfy, a patient must be in the later stage of the disease (e.g., 
Classes in and IV wifli Class IV patients given priority for transpknt). Such 
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patients are extimelyskkiiidivid)^ Class m patients have maikcd physical 
activity limitations and Class IV patients arc symptomatic even at rest 

Due to the absence of e£fective intmnediate treatmfflt between drug therspy 
and heart transplant. Class m and IV patients will have suffered terribly before 
5 qualifying for heart transplant Further, after such suffering, the available treatment 
is unsatis&ctoiy. Heart transplant procedures are very risky, extremely invasive and 
expensive and only shortly extend a patient's life. For exaaq)le, prior to transplant, a 
Class IV patient may have a lift expectancy of6 months to one-year. Heart 
transplant may improve the expectancy to about five yean. 

1 0 Unfortunately, not enough hearts are available fiir transplant to mert tixe 

needs ofcongestive heart disease patients, hi the United States, in esccess of 35,000 
transplant candidates compete for only about 2,000 transplants A 
transplant wuting list is about 8 - 12 montiis long on average and firequm^ 
patient may have to wait about 1 -2 yeaisftr a donor heart While tiie availability 

15 of donor hearts has historically mcreased, tiie rate of increase is slowing 

dramatically. Even if tiie risks and expense of heart transplant could be tolerated, 
tins treatment option is becoming increasingly unavailable. Further, many patient's 
do not qualify for heart transplant ftr Mure to meet any one ofa number of ' 
qualifying criteria. 

20 Congestive heart fidlure has an enormous societal impact In the United 

States alone, about five million people suffer fiom the disease (Classes I throu^ IV 
combined). Alarmingly, congestive heart Mure is one of the most r^idly 
accelerating diseases (about 400,000 new patients in the IMted States each year). 
Economic costs of the disease have been estunated at $3 8 billion annually. 

25 Not suiprising, substantial effort has been made to find alternative treatments 

for congestive heart disease. Recentfy, a new surgical procedure has been 
developed. Refeired to as the Batista procedure^ the surgical technique inoivdes 
dissecting and removing portions oftiie heart m order to reduce heart volume. This 
is a radical new and experimental procedure subject to substantial controversy. 

30 Furthemiore, the procedure is highly invasive^ risky and expensive and commonly 
includes oftm cxpemve procedures (such as a concunent heart valve replacement). 
Also, tiie treatment is limited to Class IV patients and, accordingly, provides no 
hope to patients &cing ineffective drug treatment prior to Class IV. Finally, if the 
procedure fiuls, emergency heart transplant is tiie only available option. 
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Qeaity, fbsn ia a need for alternative treatments qiplicaible to boOi early and 
later stages of the disease to either stop Has progressive nature of flw disease or more 
drastically slow flie progressive nature ofcongestive heart disease. Unfiotanateily, 

cuncntly developed options are experimental, costly and problematic. 
5 Cardiomyoplasty is a recently developed treatment for earlier stage 

congestive heart disease (e.g., as early as Qass JR dilated cardiomyopathy). In this 
procedure, *e latissimus dorsi muscle (taken from the patient's shoulder) is wrapped 
around the heart and chronically paced synchronously with ventricular systole. 
Pacing of die muscle results in muscle contraction to assist tbo contraction of the 

10 heart during systole. 

While cardiomyoplasty has resulted in symptonutic inqnovement, the nature 

of file inqnovement is not understood. For eoun^le^ one study has suggested tiie 

benefits of cardiomyoplasty are derived lesa fiom active systolic assist than finm 

remodeling, peifaaps because ofan external elastic oonslxaint The study suggests an 

15 elastic constraint (Le., a non-stmulatedmnsotewrsp or an artificial elastie sock 
placed around &e heart) could provide similar benefits. KassetaUiZeverre 
Remodeling From Cardiomyoplasty In Human Heart Failure: External Constraint 
Active Assist. 91 Circulation 23 14 - 23 18 (1995). 
Even though cardiomyoplasty has demonstrated symptomatic hnprovement, 

20 studies suggest flie procedure only minimally improves cardiac performance. The 
procedure is highly invasive requiring harvesting a patient" s muscle and an open 
chest approach (U., sternotomy) to access flie heart. Furthermore, the procedure is 
expensive - especially diose using a paced muscle. Sudi procedures require costly 
pacemakers. The cardiomyoplasty procedure is con^licated. For exan5>le, it is 

25 difficult to adequately wn9 die nmiscle around tile heart with a satis&ctory fit. Also, 
if adequate blood flow is not nuuntained to the wnq>ped muscle, the muscle may 
necrose. The mnscle may stretch after wri?>ping reducing its constrainmg benefits 
and is generalty not suscqrtible to post-operative ad|ustment Finally, the muscle 
may fibrose and adhere to the heart causmg undesirable constraint on the contraction 

30 ofthe heart during systole. 

In addition to cardiomyoplasty, mechanical assist devices have been developed as 
intermediate procedures for treating congestive heart disease. Such devices inchide 
left ventricular assist devices CLVAD") and total artificial hearts ('TAIT). An 
LVAD mcludes a medianical pomp fiw urging blood flow fiom the left ventricle and 
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into tlw aorta. An exan^le of such is shown in U.S. Patent No. 4^95,857 to Arnold 
dated Fehniaiy 26, 1991. TAH devices, snch as the celebrated Jarvik heart; are used 
as ianpoTary measures while a patient awaits a donor heart for transplant 
Oflier attenq)t8 at cardiac assist devices are found in U.S. Patent No. 
5 4,957,477 to Lundbfick dated September 18, 1990, U.S. Patent No. 5,131,905 to 
Gtootera dated July 21, 1992 and U.S. Patent No. 5,256,132 to Snydeis dated 
October 26, 1993. Botii of the Grooters and Snydets patents teach cardiac assist 
devices wUch pun9 fluid into chamben opposing the heart to assist systolic 
conlnictiaos of ttie heart The LundbSck patent teaches a douUe-walled jacket 

10 surrounding the heart A fluid fills a (tod)er between the wans of fte jacket The 
mner waU is podtioned against flie heart and is pUable to move with the heart 
Movement of Oe heart during beatmg dispkces fluid wiflm flie jadcet chamber. 

Commonly assigned U.S. Patent No. 5,702,343 to Alfimess dated December 
30, 1997 (conrespondmg to PCT Application WO 98/14136, published April 9, 

15 1998) teadiesajack^ to constrain cardiac eiqiansion during diastole. The present 
mvention pertahu to improvements to the mvaition disclosed m the '343 patent 

Snmmary of flie Inventton 

According to a preiSsncd anbodiment of die presait invention, a meAod and 
20 device are disclosed for treating congestive heart disease and related cardiac 

conq>lications such as valvular disorders. The invention mcludes a jacket of 
biologically conq)atible mateiiaL The jacket has an internal vohmie dunensioned 
for an apex of die heart to be inserted into the volume and for the jac^ to be 
slq)ped over die heart. The jadcrt has a longitudmal dimension between iqjper and 

25 lowerendssufSdentforthejadcettosunoundalowerpoitionoftheheart 

Preferably, die jadcet is configured to surnrand a vatvohranmiliu of die heart and at 
least die venhicular lower extremities of die heart Thejacketisad^itedtobe 
secured to the heart The jacket is adjustable on die heart to snugly conform to an 
extemd geometry of tiie heart and assume a niaxinnmi ai^'uated volume for the 

30 jacket to constrain circuni&rentiale)g)an5ianoftfae heart bq^ the maximum 
adjusted vohone during diastole and to pomit ummpeded contraction of the heart 
during systole. 

The cardiac constraint device fuitiier conqwises an adjustment mechanism 
configured to alter the internal volume defined by die jacket Prefonbly the 
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adjustment mechanism is configured to alter tiie intenud volume defined by the 
jacket after Ae jacket is secured to ibo heart In one embodhnent, the adjustment 
mechanism is configured to alter the internal vohmie defined by the jacket by 
varying the fliickness of jacket material defining the internal volume, fiw 
5 example, by constructing tiw jacket material at least in part from hygroscopic 
polymer or by incorporating a baUoon catheter into die cardiac constraint device. 
Alternately, die adjustment mechanism may include a specialized material, such as a 
biodegradable material, a stimulus sensitive material, or a memory metal material 
In another embodiment^ the adjustment mechanism is configured to dnch the jacket 

10 material to effectively decrease said mtenul vohnne defined by said jacket, for 
exarnple, usmg a stay dement or a spring tensionmg device. 

The invention also provides a mediod for treating cardiac disease by 
surgically accessing a patient's heart, placing a cardiac restraining device around the 
patient's heart, adjusting die jacket to snugly conform to an extenial geonietry of the 

15 heart to constrain drcumferoitial e?q)ansion of flie heart beyond a maximimi 
adjusted volume, surgically closing access to die heart awhile leaving die jacket in 
place, and adjusting the internal vohmie defined by die jacket after die jacket is m 
place on the heart using an a^ustment me chanism . 

20 Brief Description of the Dra^g 

Fig. 1 is a schematic cross-sectional view of a norma], healUiy human heart 

shown during systole 

Fig. lA is die view of Fig. 1 showhig die heart during diastole; 

Fig. IB is a view of a left ventricle of a healdiy heart as viewed fi»m a 

25 septum and showing a mitral valve; 

Fig. 2 is a schCTP^tie ooss-sectional view of a diseased human heart shown 
during systole; 

Fig. 2A is die view of Fig. 2 showing die heart during diastole; 

Fig. 2B is the view of Fig. IB showmg a diseased heart; 
30 Fig. 3 is a perspective view of a first embodiment of a cardiac consttamt 

device accordmg to the present invention; 

Fig. 3 A is a side elevation view of a diseased heart in diastole widi die 
device of Fig. 3 in plac^ 
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Fig. 4 is a perq)ective view of a sec(»id ODbodmen^ 
device accordmg to the present inventioii; 

Fig. 4 A is a side elevadon view of a diseased heart in diastole with the 
device of Fig. 4 in place; 
5 Fig. S is a cross-sectional view of a device of the present invention overlying 

amyocardium and with the material of the device gathered for a snug fit; 

Fig. 6 is an enlarged view of a lout construction of the device of tiie present 
invention in a rest state; 

Fig. 7 is a schematic view of the material of Fig. 6; and 
10 Fig. 8 is a perspective view of an alternate embodiment of a cardiac 

constraint device according to the present invention. 

Fig. 9A is a transverse sectional view of a tensioned cardiac constraint device 
according to one embodiment. 

Fig. 9B is a transvcrae sectional view of the device of Fig. 9A in a relaxed 

IS state. 

Fig. 10 is a perspective view of an alternate embodiment of a cardiac 
constraint device according to &e present invention. 

Fig. 11 is a perspective view of an alternate embodiment of a cardiac 
constraint device according to the present invention. 
20 Fig. 12 side elevation view of a diseased heart with an cmbodhnent of the 

device shown in place 

Detailed Description of the Invention 

L Conzesttve Heart Disease 

25 With initial reference to Figs. 1 andlA^axuinnal^heaiaiyhunianheartlf is 

schematically shown in cross-section and will now be described in order to ftdlitate 
an understanding of &e present mvention. In Fig. 1, the heart H* is shown d 
systole (i.e., high left ventricular pressure). &i Fig. 1A» the heart His shown during 
diastole (Le.p bw left ventricular pressure). 

30 The heart IT is amuscle having an outer wall or myocardium MYO' and an 

mtemal wall or septum S'. The myocardium MYO' and septum S' define four 
mtemal heart chambers includmg a right atrium RA', a left atrium LA\ a right 
ventricle RV and a left ventricle LV*. The heart H* has a length measured along a 
longitudinal axis AA* - BB' fiom an i^per end or base B' to a lower end or ex A' . 
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The zi^ and left atnaRA\IA' reside in aatqyperpo of^heartlT 
adjacent the base B'. The rigbt and left ventricles R\^,LV]«fflde in a low 
LP* ofthe heart ff adjacent the apex A'. The ventricles RV*, LV" teminate at 
ventricular lower extremities LE' adjacent the qiex A' and 8^ 
5 thickness of Ifae myocardium MYO'. 

Due to the compound curves of the upper and lower portions UP', LP', flie 
xxppet and lower portions UP', LP' meet at a circumferential groove commonly 
referred to as the A-V groove AVG*. Extending away from the iqjper portion UP* 
are a plurality of major blood vessels communicating widi the chambers RA*, RV, 
10 LA', LV. For ease of illustration, only the superior vena cava SVC and a left 
pulmonaiy vein LPV are shown as being represent^ve. 

The heart H* contains valves to regulate blood flow between the chambers 
RA', RV, LA', LV* and between the dbambers and the major vessels (e.^^^ 
superior vena cava SVC and a left puhnonaiy vein LPV). For ease of illustration, 
IS not all of such valves are shown. Instead, only the tricuqiid valve TV between flie 
right atrium RA' and right ventricle RV and the mitral valve MV between the left 
atrium LA' and left ventricle LV are shown as being rqpresent^ 

Hie valves are secured, m part, to the myocardium MYO' in a region of the 
lower portion LP' adjacent the A-V groove AVC and referred to as die valvular 
20 annulus VA'. The valves TV and MV open and-close tfarougfh die beating cycle of 
the heart IL 

Figs. 1 and 1 A show a normal, healthy heart H* during systole and diastole, 
respectively. During systole (Fig. 1), die myocardium MYO' is contracting and the 
heart assumes a shi^e including a genorally conical lower portion LP'. During 
25 diastole (Fig. 1 A), the heart If is expanding and the conical shape of the lower 
portion LP' bulges radially outwardly (relative to axis AA' - BB*). 

The motion of the heart H* and die variation in the shape of die heart H* 
during contraction and es^ansion is complex. The amount of motion varies 
considerably duougliout the heart IT. The motion includes a component which is 
30 parallel to die axis AA' - BB' (conveniently refored to as longitudinal expansion or 
contracdon). The motion also includes a component perpendicular to the axis AA'- 
BB' (conveniently rdSsned to as drcumfercntial expansion or contraction). 

Having described a healdiy heart If during systole (Fig. 1) and diastole (Fig. 

1 A), comparison can now be made with a heart defi>nned by congestive heart 
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disease. Sudi a heart His diownm systole in Fig^ 

elements of diseased heart H are labeled identically with similar dements of heatttiy 
h^ IT except only for the omission of the apostrophe in order to distinguish 
diseased heart H fiom healthy heart H*. 

S Comparing Figs. 1 and 2 (showing hearts IT andH during systole), the lower 

portion LP of the diseased heart H has lost die tapered conical sbspe of tiie lower 
portion LP' oftiiehealfty heart IT. Instead, the lower portion LP of tiie diseased 
heart H bulges outwardly between die zpcsK A and the A-V groove AVG. So 
defomied, the diseased heart H during systole (Fig. 2) resenlbles die healthy heart H* 

10: during diastole OFig. 1 A). During diastole ^ig. 2A), the deformation is even more 
extreme. 

As a diseased heart H enlarges foim the rqn:esentation of Figs. 1 and lAto 
that of Figs. 2 and 2A, die heart H becomes a progressively inefiBdent punq). 
Therefore, the heart H requires more energy to pump flie same amount of blood. 

1 5 Continued progression of die disease results in the heart H befaig unable to siq^ply 
adequate blood to the patient's body and the patient becomes synq)tomatic. 

For ease of illustration, the progression of congestive heart disease has been 
illustrated and described with reference to a pro g r e ssive enlargement of the lower 
portionLP of the heart H. While such enlargement offlie lower portion LP is most 

20 common and troublesome, enlargement of the upper portion UP may also occur. 

In addition to cardiac insu£Bciency, the enlargement of die heart H can lead 
to valvular disordors. As the circumference of die valvular annulus VA increases, 
the leaflets ofthe valves TV and MV may spread sq)art After a certain amount of 
enlargement, the spreading may be so severe die leaflets cannot conq)letely close (as 

25 illustrated by the mitral valve MV in Fig. 2A). Ihcon^lete closure results m 
valvular regurgitation contributing to an additional degradation in cardiac 
performance. While drcumforential enlargement of the valvular annulus VA 
contribute to valvular dys&nction as described, the separation of the valve leaflets is 
most comnioidy attributed to deformation oftfae geometry of the heart H. This is 

30 best described widi reference to Figs. IB and 2B. 

Figs. 1 B and 2B show a healdiy and diseased heart, respectively, left 
ventricle LV, LV during systole as viewed fiom the septum (not shown in Figs. IB 
and2B). Ma healthy heart H*, the leaflets MVL' of die mitral valve MV* are urged 
closed by left ventricular pressure. The papillary muscles PNT^PM are connected to 
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Ihe heart wan MY0\MY0,nw11ie lower vmtrioilare^ The 
papiUary muscles PM*, FM pull on &e leaflets MVL', MVL via comecting choxdae 
tendineae Cr, CT. PuUoftiie leaflets by fliepif)illaiy muscles fimcti 
valve leakage in flie nomial heart by holding the valve leaflets in a cto 
5 during systole. In the significantly diseased heart the leaflets offlie mitral valve 
may not close sufficiently to prevent regurgitation of blood fiom the ventricle LV to 
the atrium during systole. 

As shown in Fig. IB, the geometry of the healthy heart H* is such that the 
myocardium MYO\ papillary muscles PM* and chordae tendineae CT cooperate to 

10 permit fte mitral valve MV to fully close. However, when the myocardium MYO 
bulges outwardly m the diseased heart H ^ig. 2BX the bulging results m 
displacematoffiiepq)illary muscles PM. This displacement acts to pull the 
leaflets MVL to a displaced position such that die mitral valve cannot fiilly close. 
Haymg described die characteristics and problems of congestive heart 

1 5 disease, die treatment mediod and q>paratus of die present nxvention will now be 
described. 

2. • Cardiac Constraint Device 

To facilitate a better understanding of die present mvention, a cardiac 

20 constraint device will be provided. The cardiac constraint device is more fully 

described m commonly assigned PCT Published .^>pIication No. WO 00/02500, the 
disclosure of which is hereby incorporated by reference hereixL In die drawings, 
ffimilflT elements are labeled similarly throughout. 

in general, the device of the invention comprises a jacket configured to 

25 sunound die myocardium MYO. As usedherein, "surround" means d}at jacket 
provides reduced expansion of die heart wall at end diastole by applymg 
constrainmg surfaces at least at diametricaUy opposing aspects Insome 
preftrxed embodhnents disclosed herem, die diametrically opposed surfaces are 
interconnected, ftr example^ by acontinuous material diat can substantially encurle 

30 die external surfiu^e of die heart 

Widi reference now to Figs. 3, 3A, 4 and 4A, die device of die present 
invention is shown as a jacket 10 of flexible, biologically compatible material. As 
used herein, die term.'1)iologically conq)atible material'' refers to material that does 
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mrt adversely aflfcct the siinounding tissue, fer exan^ 

iiyurious rejection responsei mflammation, in&iction, necrosis, etc. 

The jacket 10 is an enclosed material having lapper and lower ends 12, 14. 
The jacket 10, 10* defines an internal volume 16, 16" which is completely enclosed 
5 but forflie open ends 12, 12' and 14'. In the embodiment of Fig. 3, lower end 14 is 
closed. In the embodiment of Fig. 4, lower end 14' is open. In both embodiment, 
vppa ends 12, 12' are open. Throughout diis description, tiie embodiment of Fig. 3 
will be discussed. Elonents in common between the embodunenlB of Fi^. 3 and 4 
are numbered identicaUy witii the addition of an apostrophe to distinguish the 

16 second embodiment and sudi elements need not be separate^ discussed. 

The jacket 10 is dunensioned with req)ect to a heart H to be treated. 
SpecificaUy, die jacket 10 is sized for tiie heart H to be constrained witinn die 
volume 16. Hie jacket 10 can be slipped around tiie heart H. The jacket 10 has a 
lengtii L between die vppa and tower ends 12, 14 sufBdent for die jacket 10 to 

15 constrain tiie tower portion LP. The upper end 12 of tiie jadcet 10 extends at least to 

tiw valvular annulus VA and ftrflier extends to tiie tower portion LP to consHain at 
least die tower ventricular extremities LB. 

Generally, tiie jacket 10 is adjusted to a snug fit encon^jassing the external 
volume heart 10 during diastole such fliat die jacket 10 constrains enlargement of flie 
20 heart H during diastole wifliout significanfly assisting confractinn during systole. 
The amount of assistance during systole can be characterized by tiie pressure exerted 
by tiie jackrt 10 on die heart H during systole. A jacket 10 tiurt does not 

significanfly assist contraction during systole will not exert significant pressure on 
die heart H at conq)letion of systolic contraction. 

25 SinceenlargementofflietowerportiQnLPi8typicaIIymo8ttrouble8Qme,in 
a preferred embodiment, tiie jacket 10 is sized 80 tiiat tiie upper end 12 can reside in 
die A-V groove AVG. Where it is desired to constrain enlargement of tiie iq>per 
portion UP, tiie jacket 10 may be extended to cover flie iqiper portion UP. 

Sizing tiie jacket 10 fivtiie i9per end 12 to terminate at tiie A-V groove 
30 AVO is desirBblefi)r a number of reasons. First; tiie groove AVG is a rea<Kly 
id en tifi a b le anatomical feature to assist a surgeon in pladng die jacket 10. By 
placing tiie upper end 12 in the A-V groove AVG, die surgeon is assured die jacket 
10 will provide sufBdent constraint at die valvular ammhisVA ITieA-V groove 

AVG and ttiemqor vessels act as natural stops fia-ptocement of die jacket 10 while 
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aggwrmg cQvgrnge nf the valvular gmmhia VA, Using soch features 88 natural stops 
is particularly beneficial in minimally invasive suxgeries where a suigeon*s v&ion 
may be obsciired or limited 

When the parietal pericardium is opened, the lower portion LP is fiee of 
5 obstructions for flying the jacket 10 over Ae Bpex, A. If, however, the parietal 
pericardium is intact, the diaphragmatic attachment to the parietal pericardium 
inhibits {plication of die jacket over die apex A of the heart . In this situation, the 
jacket can be opened along a line extending from die upper end 12' to die lower end 
14' of jacket 10*. Thejacket can dien be applied around the pericardial surface of the 

10 heart and the opposing edges of die opmed line secured togedier after placed on the 
heart Systenisfer securing the opposnig edges are disdosed in, for example, U.S. 
Patent No. 5,702,343 (coitegponding to WO 98/14136), die entire disclosure of bodi 
q)pticatioiisbemg incorporated herem by reference. The lower end 14' can then be 
secured to die diaphragm or associated tissues usixig, for exan^le, sutures, ^ 

IS etc. 

In die embodiment of Figs. 3 and 3 A, the lower end 14 is closed and the 
lengdi L is sized for the apex A of the heart H to be received widiin die lower end 14 
when the upper end 12 is placed at die A-V groove AV6. In the embodiment of 
Figs. 4 and 4A, the lower end 14' is open and die lengdi L' is sized for die s^ex A of 

20 the heart H to protrude beyond the lower end 14' when die upper end 12' is placed at 
the A-V groove AVG. The lengdi L' is sized so diat die lower end 14' extends 
beyond die lower ventricular extremities LE such that in both of jackets 10, 10', the 
myocardium MYO sdrrounding die ventricles RV, LV is in direct opposition to 
material of the jacket 10, 10'. Such placement is desirable for die jacket 10, 10' to 

25 presoit a constraint against enlargement of die ventricular walls of die heart H. 

After die jacket 10 is positioned on die heart H as described above, die jacket 
10 is secured to the heart Preferably, diejacket 10 is secured to die heart Hthrouglh 
sutures. Thejacket 10 is sutured to die heart Hat suture locations S 
circumferentially spaced along die upper end 12. While a surgeon mq^ elect to add 

30 additional suture locations to prevent shifting of die jacket 10 after placement, die 

number of such locations S is preferably limited so diat die jadcet 10 does not 

restrict contraction of the heart H during systole. 

To permit die jacket 10 to be easily placed on die heart H, the volume and 

shq)e of die jacket 10 are larger dian the Iowa portion LP during diastole. So sized, 
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tbejacket lOmaybeeasUyslqypedaioimdti^ Once placed, fliejadcefs 

volume and shq)e are adjusted the jacket 10 to sxni^^ 
geomebyofflie heart H during diastole. Such sizing is easily accomplished due to 
the knit construction of fht jacket 10. For exan^le, excess material of Ae jacket 10 
5 can be gathered and sutured (Fig. S) to reduce the volume of die jacket 10 and 
con&im the jacket 10 to die shape ofthe heart H during diastole. Suchshape 
represents a maximum adjusted volume. Tlie jacket 10 constrains mlargement of 
the heart H beyond the maximum adjusted volume while preventing restricted 
contraction of the heart H during systole. As an altemative to gathering of Fig. 5, 
10 die jacket 10 can be provided witti other wi^ of adjusting volume. For examplep as 
disclosed in U.S. Patent No. 5,702343 (WO 98/14136)» die jad^ 
widi a slot The edges of the slot can be drawn together to reduce die volume of the 
jacket 

The volume of the jacket can be adjusted prior to, during, or after q>plication 

IS ofthe device to the heart In one embodunent, die heart is treated widi a therq)eutic 
agent, such as a drug to decrease die size of die heart, prior to spplication ofthe 
jacket in this embodiment, die therapeutic agent acts to reduce the overall size of 
die heart prior to surgery, and die jacket is diereafter applied to die reduced heart. 
Alternatively, the present invention can be used to reduce heart size at the time of 

20 placement in addition to preventing fiirther enlargement For sample, the device 
can be placed on the heart and sized snugly to urge die heart to a reduced size. More 
preferably, the heart size can be reduced at die time of jacket placement dnouj^ 
drugs, for example dobutamine, dopamine or epinq)hrine or any other positive 
inotropic agents, or surgical procedure to reduce the heart size. The jacket of the 

25 presrat invention is then snugly placed on die reduced sized heart and prevents 
enlargement beyond die reduced size. 

Thejacket 10 is adjusted to a snug fit on die heart H during diastole. Careis 
taken to avoid tightening die jacket 10 too much such diat cardiac fimction is 
inq>aired. IXiring diastole die left ventricle LV fills widi blood. If die jacket 10 is 

30 too tig^ the left ventricle LV may not adequately eiqiand and left ventricular 

pressure will rise. During the fitting of the jacket 10, die surgeon can monitor left 

ventricular pr^sure. For example, a well-known technique for monitoring so-called 

puhnonary wedge pressure uses a cadieter placed in the puhnonary artery. The 

wedge pressure provides an indication of filling pressure in the 1^ atrium LA and 
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left ventricle LV. While minor iocceases in presniic(e.g., 2 

can be tolerated, Aejadcet 10 is snugly fit (m the heart H but not so ti^ 

a significant increase in Idt ventricular pressure during diasto 

The jacket 10 can be used in early stages of congestive heart disease. For 
5 patients facing heart enlargement due to viral infection, the jacket 10 permits 

constraint of the heart H for a sufficient time to permit tfie viral infection to pass. In 
addition to preventing further heart enlargement, the jacket 10 treats valvular 
disorders by constraining circumferential enlargement of the valvular aimulus and 
defbimation of the ventricular walls. 

10 

3. Jacket Material. Genendh 

Preferably the jacket 10 is constracted from a con^liant, bioconq>atible 
material. As used hereiii, the tenn ''compliant" refers to a niaterial that c 
m response to a force. "Compliance" refers to tiie displacement per a unit load for a 

15 material. "Elasticity" refers to tiie ability of tiie deformed material to return to its 
initial state after the deforming load is removed. 

While the jacket 10 is expandable due to its knit pattern, preferably die fibers 
20 of the knit are non-e3q)andable. While all materials expand at least a small 
amount, the individual fibers 20 do not substantially stretch in response to force. In 

20 response to the low pressures of the heart H during diastole, 4ie fibers 20 are 
generally inelastic. In a preferred embodiment, the Jacket material is 70 Denier 
polyester. While polyester is presentiy p refe rred, other suitable materials include 
polytetrafluoroethylene (PTFE), expanded FIFE (ePTFE), polypropylene and 
stainless steeL 

25 Prefend>ly,fhekmtisaso-caUed"Atlaskiuf*weUknowninthe&bri 

industry. The Atlas knit is described in Paling, Warp Knitting Tedmologv. p. 11 1. 
Columbine Press publishers) Ltd., Buxton, Great Britain (1970). The Atlas knit is a 
knit of fibers 20 having directional expansion propoties. As shown in Fig. 6, the 
intertwined fibers 20 include a plurality of longitudinally extending filaments 30, 

30 wherdn opposing surfeces of said multi-filament fibers 20 define a cell structure. 
The fibers 20 of tiie febric 1 8 are woven mto two sets of fiber strands 2 la, 2 lb 
having longitudinal axes Xi and Xb. The strands 21a, 21b are interlaced to form the 
febric 18 witii strands 21a generally parallel and spaced-apart and with strands 21b 
generally parallel and spaced*q>art 
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For ease of illustratioii, fifaric 18 is schematically shown in Fig, 7 with the 
axis ofthe strands 21a, 21b only bdngdiown. The strands 21a, 21b are interlaced 
with tiie axes Xi and Xb defining a diamond-shqped open cdl 23 having diagonal 
axesAnu Inaprefen:edembodiment,flieaxesAmare3nmi-Snuninleng&when 
5 the &biic 18 is at rest and not stretched. The &biic 18 can stretch in response to a 
force. For any given force, the fibiic 18 stretches most when tfie force is ^lied 
parallel to the diagonal axes Aru The fabric 18 stretches least whoi deforce is 
applied parallel to the strand axes Xa and The jadcet 10 is constructed for the 
material of the knit to be directionally aligned for a rfiflg^pd axis Am to be parallel to 

10:: the heart's longitudinal axis AA-BB 

The Imitniaterial has numerous advantages. Such a material is flexible to 
permit unrestricted movement of the heart H (other than flie desired constraint on 
circumferential e3q>ansion). Theniaterial is opm defining a plurality of ixiteistitial 
spaces for fluid permeability as well as twinitniritig the amount of suifice area of 

15 direct contact between the heart Hand the material of the jadket 10 

minimirfng areas of irritation or abrasion) to mmitr^TM fibrosis and scar tissue. 

The open areas of die knit construction also allows for electrical connection 
between flie heart and surrounding tissue for passage of electrical current to and 
fix>m the heart For example, al&ou^ the knit material is an electrical insulator, the 

20 open knit constriction is sufBciently electrically permeable to permit die use of 
trans-chest defibrillation of the heart Also, the open, flexible construction permits 
passage of electrical elements (e.g., pacer leads) through the jacket Additionally, 
r open construction permits other procedures, e.g., coronaiy bypass^ to be 
performed without removal of the jacket 

25 A large opa area for cells 23 is desirable to mmmtrM ±q amount of sur&ce 

area of the heart H m contact with file material of the jad»t 10 (fiiere^ 
fibrosis). However, if file cell area 23 is too large, localized aneurysm can form. 
Also, a strand 21a, 21b can overly a coronary vessel wifii sufiSdent force to partially 
block the vessel A smaller cell size increases die number of strands thereby 

3 0 decreasing die restricting force p er strand. In a preforred embodiment ttie cell area 

of cells in a particular row direcfiy conelates with a cross-sectional c^ 

dimension of die heart* fiiat ttie row of cells sunounds relative to ofiifir cross* 

sectional circumferential dimensions. That is, the greater the cross-sectional 

ciicumfermtial dimension, fiie greater fiie area of die ceUs infiie row of ceUs 
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diteefly Qverlymg Aflt cmsa-gectjonal circumfiagmtiai difnengioiL By "correlating" 
cell area witii cioss-sectional dicumferaitial dimension of tfie heart; the cell area is 
determined as a function of flie cross-sectional drcumferential dimensio n of the 
heart. The ceU area is detemuned so that when the weave material is q>pUed 
S heart or is sh^ed into ajacket and appUed to ^ heart, eadi cell can widen 
sufGcicntly to provide desirable cardiac constraint. Thus, the cell area will be 
smaller for cells in a row qiplied over a region of the heart tiiat has a smaller cross* 
sectional circumferential dimension than the cell area of cells in a row applied over a 
region of flie heart having a larger cross-sectional circumferential dimension The 

1 0 appropriate maximum cell area may be, iot exan^le, 1 to 100 mm^ typically I to 25 
mm^ more typically 3 to 9 mm^ The maximum cell area is the area of a cell 23 
after the material of the jacket 10 is My stretched and adjusted to flieniaxinxum 
adjusted volume on the heart H as previously described 

The fitbric 18 is preferably tear and run resistant In flie event of a material 

1 5 deftct or inadvertent tear, such a defect or tear is restricted fiom propagation by 
reason of flie knit construcdon. 

Witii the foregoing, a device and mediod have been tau^t to treat cardiac 
disease. The jacket 10 constrains fhrther undesirable drcumferentid enlarge 
the heart while not impeding other motion of the heart H. With the benefits of the 

20 present teachings, numerous modifications are possible. For example, the jacket 10 
need not be directly applied to the epicardium (i.e., outer sur&ce of the 
myocardimn) but could be placed over the parietal pericardiuuL Furdier, an anti- 
fibn>siff \min^ (e g., fl PTPE lining) could be placed between the heart H and flie 
jadcetlO. Altematively, die fibers 20 can be coated with FIFE. 

25 The jacket 1 0 is low-cost, easy to place and secure, and is susceptible to use 

in minimally invasive procedures. The diin, flexible febric 18 permits the jacket 10 
to be colhpsed and passed dirouglh a small diameter tube in a minimally invasive 
procedure. 

The jacket 10, including the knit construction, fireely pemiits longitudinal 
30 and circuniferential contraction of die heart H (necessary for heart flmcti^ Unlike 
a solid wrsp (such as a muscle wnp in a cardiomyoplasty procedure), the &bric 1 8 
does not impede cardiac contiactioiL After fitting, the jacket 10 is inelastic to 
prevent furdier heart enlargemmt while pemcdtdng unrestricted inward movement of 
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the ventricular walls. Because ftejadi^t 10 is not constructed fi^ 
material, it does not substantially assist flie heart during systolic contraction. 

The open cell structure pemdts access to coronary vessels finr bypass 
procedures subsequent to placement of die jacket 10. Also, in cardiomyoplasty, the 
5 ladssimus dorsi muscle has a variable and large diickness (ranging from about 1 mm 
to 1cm). The niaterialofthejacket 10 is uniforndy thin (less than Inmithi^^^ 
The thin wall construction is less suscq)tible to fibrosis axulxiunimizes interference 
with cardiac contractile functioxL 

10- 4. Adjustment Mechanism 

Chronic heart failure is a dynamic syndrome in which cardiac chanibers may 
change in size and sh^e. It has been found tibat use of a cardiac restraining device, 
such as the above-described jacket, may stop cardiac dilation or even, under some 
circumstances, reverse cardiac dilaticm. Preferably, beneficial reverse remodeling of 

IS the heart reduces the nuodmum cardiac volume ofa diseased heart 

If beneficial reverse remodeling of cardiac physiology occurs following 
implantation ofa cardiac restraining device, such as the above-described jacket 10, it 
may be desirable to have a jacket 10 that can be adjusted to respond to the change in 
cardiac size, or promote the change in cardiac size, for example, by changing or 

20 reducing internal volum&defined by the jacket 10. A cardiac sl^)poIt device ideally 
would have a capacity to contract in size, so that it mainfaini? intimate contact with 
the cardiac sur&ce and continues to provide a finite limit to cardiac expansion and 
^ provides 8iq>port to encourage reverse remodeling. 

The invention provides a jacket 10 that defines an internal volume 16 diat 

25 can be »$ustedsuch that die jacket 10 is capable of maintaining intimate contact 
with die external cardiac sur&ce, even if the cardiac volume changes (Le., increases 
or decreases) Mowing implantation of the jacket 10. The invention provides a 
cardiac constraint device that includes a j adcet 1 0 an adjustment medianism which 
allows thejacket 10 to be adjusted in size ddier prior to or after inq>lantati The 

30 jacket 10 may also be adjusted to actively encourage reduction in cardiac volume by 
reducing the maxunum adjusted volume of the heart H. Fteferably, the cardiac 
restraint device includes an adjustment mechanism which is capable of increasing 
and/or decreasing the internal volume 16 defined by the jacket 10. 
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As used hoT CT ), term adjiMtmait mechanigm refta to an apparatus or 
system lliat is ad^ted, configured and capable of altering Hba size and/or shqie of 
±e above-described jacket 10, particularly the internal vohone 16 defined by &e 
jacket 10. Many adjustment mechanisms are possible. Althou^ some adjustment 
5 mechanisms will be discussed in detail betew, a cursory overview will be provided 

at this time. 

One type of adjustment mechanism varies die tiiidmess of the cardiac 
consbaint device to effectively decrease the internal volume 16 defined by the jacket 
10. For example, the jacket 10 may be constructed using a hygroscopic polymer 

10 wludi causes thejacket 10 fibers to eiqmi^ as fluids are absorbed fiomflie 

surrounding tissue. Alternately, Ifae cardiac constraint device may inchide a balloon 
catheter which can be ocpanded to efEectively reduce the inteoul volume 16 defined 
by die jacket 10. Anofiier type of adjustment medianism dndtes fiie jadnt 10 
material to effectively decrease (he internal volume 16 defined by die jacket 10. For 

1 5 ocanple, &e adjustment mechanism may include a stay element and/or a spring 
tensioning device to pinch or draw together the material of die jacket 10. 
Alternately, the adjustment medumism may include a specialized material, such as a 
stimulus sensitive material or a biodegradable material itat causes the jadcet 10 
material to contract, thereby reducing die internal volume 16 defined by the jacket 

20 10. A stiU further exanq)le is ajacket 10 vi^ichmcludes a biodegradable polymer 
matrix 30 in 'nluch a substrate structure 31 is embedded Prefmbly die substrate 
structure 31 is finmed using a material (e.g., a 8hq>e-changing memory metal such 
as nitinol) \^ch is tensioned (to define a volume) prior to incorporation into die 
polymermatrix. Prefisrably, die tensioned structure 31 is sized fbr initial placemmt 

25 on the heart (See Fig. 9A) Over time, die size ofthe heart is reduced (e.g.. by 

reverse remodeling} and die supporting polymff matrix 30 is degraded. Degradation 
of die polymer matrix 31 relieves the tension on the underlying structure 31' whidi 
is dien fiee to relax. (See Fig. 9B) Preferably the relaxed structure 3 1' defines a 
reduced maximum volume (as compared to die tensioned structure) to encourage 

30 (X)ntinued reverse ranodelingofihe heart Other adjustment systenis or medianisms 

may include combiiutions of die above described me chanisms . 

If desired, cardiac volume can be reduced prior to placement of die jacket 10 

on die heart or at tiie time of jacket 10 placement by the administration of drugs 

(e.g., dobutamine, dopamine or qrinqihrine or any other positive inotropic agents) 
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which reduce heart size. Atteoiatdy^caidiac volume can be ii^^ 
implantation or aflo: in^lantation) by the temponoy use of LVADs or dm)nic 
pacing. The jacket oftfaepresmt invention is situated on the reduced sized heart to 
prevent enlargement beyond &e reduced size. 
5 Preferably the size of the jacket 10 is adjusted within about 1 to about 3 

months after tiie jacket 10 is inq>lante4 particularly &>t fboso devices in which 
fibrous ingrowA is aUowed or promoted (stable fibrous ingcowfli generaUy occurs 
approximately 3 monfiis or less after uiq>lantation). However, the device m^ be 
adjusted after mgrowth (e.g., after 3 months). Pre£srably, if ttie jadcet 10 is adjusted 
10 more than 3 months after implantation, the adjustment is perfinmed slowly over time 
to allow time for remodeling of ttie fihrotic encq>sulation of tfie jacket 10. 
Advantageously, a positive cardiac response to the reduced size is more likely to be 
&vorable in req)onse to a slow, gradual tensioning; as compared to a rapid decrease 
insize. 

15 

A. Fihrotic Encapsulation 

After unplantation of the cardiac constraint device such as the device of the 
invention, Hxe &bric of the jacket 10 may become encapsulated by sl^)erficial 
fibrosis on the cardiac sur&ce. Fihrotic attachment of the jacket 10 to the cardiac 

20 sur&ce can encourage the jacket 10 to mnintyi^ intimate contact with the c^ffdiac 
surfiu^e and thus "at^ust" the internal volume 16 defined by the jacket 10 if the heart 
volume deavases after the jacket 10 is implanted. Thus, die fibiotic enc^sulatbn 
^ may also limit the maximimi cardiac volume. The fihrotic layer may even shrink 
over time» further contributing to therqiy. 

25 If fihrotic attachment is not established between die jacket 10 and die cardiac 

surftce, a decrease m cardiac volume couM ultonatdy result in a loose-fitting jac^ 
10 tiiat may stimulate a dud: late-stage fibrositic kyer due to 
jacket 10 on the cardiac surface or due to a build xsp of excessive fibrous tissue 
b^ween die cardiac sur&ce and the jacket 

30 AMiouA fihrotic encapsulation may be generally bmeficifll in mgititeining a 

reduced cardiac profile, fihrotic encqisulation of the jacket 10 may not maintain a 
reduced cardiac profile long-tem^ The fihrotic layer may gradually e^and (similar 
to expansion of pericardium during congestive heart disease) until the tngrinmni 
cardiac volume is constrained by die jacket 10. 
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B. Biodegradable ElcmentB 

In one embodiment, at least one biodegradable elementp pre&rably a 
plurality of biodegradable elements, are incorporated into die jacket 10 to maintain a 
5 desired first intemal volume 16 of the jacket 10^ Preferably, the jacket 10 is 
designed such that, when die biodegradable element is removed or degraded, the 
internal volume 16 jacket 10 decreases to apre-determined second intemal volume 
16. Consequently, as the biodegradable elements degrade in vivo, die intemal 
volume 16 defined by die jacket 10 decreases. 

10 As used herein, the term 'biodegradable" means that the polymer will 

degrade over time by the action of ozymes, by hydrolytic action and/or by oth^ 
similar mecharusms in die human body. Biodegradable may also refisr to a material 
diat is 'Irioerodible," meaning that the material will erode or degrade over tune due, 
at least in part, to contact with substances found in the surrounding tissue fliiids, 

15 cellular action and/or "bioabsorbabley^meaiiing that die inaterial will be broken 
down arid absorbed widiin die human body, fixr exainple, by a cell, and a tissue. 

The biodegradable elements can be incorporated irrto die jacket 10 as 
filaments 30 in die jacket 1 0 fibers 20, or as fibers 20 diemselves. Alternately, a 
biodegradable matrix can be embedded in interstices between the filaments 30, 

20 fibers 20 and/or open cells 23 of the jacket 10 material Other methods for 

incorporating biodegradable elraients into die jacket 10 include placement of a pre- 
tensioned stiiicture as previously described. 

Suitable biodegradable elements include biodegradable syndietic polymers 
such as polylactides, polyglycolides, polyc^mlactonea, polyanhydrides, 

25 polyamide8,polyuretfaanes,polye8teramide8,polyordioester8,polydioxanon 
polyacetals, polyketals, polycarbonates, polyordioesters, polyphosphazenes, 
polyhydioxybutyrstes, polyhydroxyvalerates, polyallQrlene oxalates, polyalkylene 
succinates, poly(mediyl vinyl edier), poly(maIeic anhydride), poly(amino acids) and 
copolymers, combinations or mixtures diereo£ Suitable biodegradable elements 

30 also include biodegradable natural polymers such as those derived fimn com, wheat, 

potato, sorghums, tapioca, rice, arrow root, sago, soybean, pea, sunflower, peanut, 

gelatin, milk, and eggs, for example. Natural polymers generally include 

polysaccharides, proteins, poly(nucleic acids), poly(amino acids), and lipids. 

Polysaccharides include gums, stardi, cdlulose, etc. As used herein, the term 
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"oligosaccharide" denotes a sugar polymer of from 3 to 15 miits, A sugar polymer 
having more than 10 units refeired to as a '"polysaccharide.** Suitable proteins that 
may be utilized in the presoit invention include egg proteins, milk protdns, animal 
proteins, vegetable proteins and cereal protenis. 

5 

C. Hygroscopic Polvmera 

In an alternate embodiment, the j acket 1 0, or a portion thereof is constructed 
fiom a hygroscopic material According to this embodiment, fhs hygroscopic 
material sequesters water fiom surrounding tissue after Ihe jacket is hiq>lanted and 
10 thus expmis. Expansion of flie hygroscopic material reduces the internal volume 16 
of flie jack^ 10 sudi fliat the internal surfice of the jacket 10 can maintain witiTnatii^ 
contact wi& the cardiac sur&ce, even if the cardiac volume decreases. 

Hygroscopic material can be incorporated into the cardiac constraint device 
as filaments 30 in the jacket 10 fibers 20, or as fibers 20 themselves. Alternately, a 
1 5 hygroscopic matrix can be embedded in interstices between the filamffnti? 30, fibers 
20 and/or open cells 23 of the jacket 10 material Other methods for incorporating 
hygroscopic material into die device include ^plying a hygroscopic polymer 
coating to the filaments 30 and/or fibers 20 of the jacket 10. A liner constructed 
using at least some amount of hygroscopic polymer can be fomied which 
20 substantially conforms to die internal surface of the jacket 10. . 

Examples of hygroscqpic polymer(8) mchide natural polymers sudi M 
- glycosaminoglycans, for exanople, hyaluronic acid, chondroitin sulfitte, and cellulose 
and synttietic polymers, sudi as hydrogels,poly(vmylalooh^^^ 
hydrosQretfayhnetfaacryhite), polyethylene oxide. 

25 

D. Stimulus Sensitive Material 

In another onbodiment, the jadcet 10 is coxistructed, m its 

fit>m a material that changes shape aiid/or size in response to a stimulus. Examples 

of stimuli include a tetnperature change (e.g., room tenq>erature to body 

30 temperature), electric current, ultrasound, radiofiequence (rf), microwave energy, or 

any odier stimulus that could elicit a diange in device sh^ or size. 

A stimulus sensitive material can be incorporated into die device as a 

filament 30 m die jacket 10 fibers 20, or as a fiber 20 of die jacket 10 material The 

stimulus sensitive material can be included in die j acket 1 0 as a stay element in die 

20 



wo 01/85061 



PCT/USOl/12411 



fimn of 8 hoop, coil, V or W shqwd dement or a c(»itiiiiiou8 zig-zag sh^e oriented 
ciicumfereiitiaUy about the jacket 10. 

Hie size of a jadcet 10 (or tiie internal volnme 16 defined by ttie jadcet) 
constnieted firom (at least in part) a stimnlusrsensitive material can be modified by 
5 ^plying energy in the fonn of electric cmrait, ultrasound, radio ftequency, or 
microwave eaergy) to &e jacket 10. In one embodiment, &e size of tiie jacket 10 
(or ttie internal volume 16 of the jacket 10) can be incrementally modified by 
qiplying a specified quantity of energy multiple times. In another embodiment, die 
energy is ^lied using a pacemaker (whedier or not die pacemaker is also implanted 

10 to control cardiac ifaydim). 

Folyvinylidine fluoride CPVDF), a piezodectiic material, is an example of a 
stimulus-sensitive material In one embodiment the jacket 10 is constructed, in part 
or in its entirety, from a piezodectric materid such as PVDF. In dus embodiment, 
die shape and/or size of die jacket can be altered by the application of a low levd 

IS electric curienLOUierstimuhissenritive materials include shape memory alloy 
elements, sudi as nitinoL 

E Stay Elements 

Li another embodiment, stay elements 51, &r exai]q)le, bands, strings or 
20 ligatures, are incorporated into die cardiac constraint device. .Preferably, the stay 
elements 51 are positioned circumferentially around die jacket 10 (as shown in Fig. 
8). However, it may be desirable in some instances to align die stay elements 51 
widi die verdcd axis AA'-BB' of die heart H or to position die stay elements 5 1 
obUqudy around die jacket 10. The stay dements 51 are preferably positioned 
25 widun a receptacle 50 placed on die outer sur&ceofdiejadeet 10. Hie receptacle 50 
miy be configured as a series of loops (not diown) or an elongate diannd or sleeve 
of material The receptacle 50 can orient die stqr elements 51 in an essentially 

linear position, or die recqitade 50 can orient the Stay dements 5 1 in a variety of 
configurations, such as a ag-zag configuration, a sinusoid wave configuration or a 

30 square wave configuration. 

In diis embodiment, the jacket 10 positions die st^ dements 51 aod/or die 
recqitade 50 on the heart H in die desired location and orientation and die stay 
elements 51 and/or die jacket 10 prevent die heart H &om e}q)anding. 
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in one embodiment, tfie jadcet 10, stay elements 51 and recqrtacle SO are 
constnxctedfipomabiocon^atiblenon-^^iodegradablematai^ Aa used herein, the 
term "non-biodegradable" material refers to material that does not s^ipreciably 
degrade over an extended period Exan^les of non-biodegradable polymers include 
S non-biodegradable polyester and FIFE. 

Altonately, &e jacket 10 is constructed fiom a biodegradable material while 
the stay elements SI and the receptacles SO are constructed from a non- 
biodegradable material. In this embodiment, flie stay elements 51 areprefisrably 
housed within anon-biodegradable sleeve-like receptacle 50 that is attadied to ^ 

10 jacket 10. Overtime, thebiodegradablejadcet 10 degrades and ttierecqytacl^ 
housing the stay elements 51 become afEbced to the q)icaidial surfiice as aresult of 
fibrotic enccqpsulation and ingrowth. 

The receptacle SO may be constructed from either aporous material or anon- 
porous material Preferably, the porous material of &e sleeve-like receptacle SO is 

1 5 constructed such that host tissue is only cq>able of growing a limited deptti into flie 
receptacle SO material, tfius keeping the interior sur&ce of flxe recq)tacle SO and stay 
elements 51 free fix)m host tissue. For example, a material with pores large enough 
for cells to enter may form flie exterior surface of the receptacle, and the internal 
surfiace of &e recq)tacle may be lined wi& a material having pores too small for 

20 cells to pass tfarou^ Becausetheinnersurfiaceof die receptacle SO, and the stay 
elements 51 remain free of fibrous ingrowth, the stay elements 51 are easily adjusted 
after implantation. The tension of the stay elements 51 can be adjusted using single 
knots, amore sophisticated medianism such as aratdiet nlechanism, aballoon 
catheter (described below), or a stimulus sensitive material, to aUow fine-tuning of 

25 the stay element 51 tension. 

The above-described jacket 10 incorporating stay elements 51 can be 
a4justed prior to or after the jadcet 10 is in^lanted (e.g., following closure of the 
patient at the end of surgery). For exanq)le, a q>ecial instrumentation may be 
provided fi>r contacting flie stay elements 5 1 through a minimally invasive 

30 procedure. Alternately, a motor, or other mechanical device may be implanted 
whidi is enable of tightening the stay elements S 1 following inq)lantation. 
Alternately, the stay elements 51 may be constructed using a stimulus sensitive 
matmal, as desoibed above, such as PVDF or NitinoL 
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F. Balloon Caflteter 

la anodur embodiment; an inflatable balloon cafl^^ 
caxdiacconstzaint device. A dn^ balloon ca&eter or mtiltqtle balloon caflieteis 
canbevsed. In one eQibodimeat,1bBjadcet 10 includes at least one baltoon catheter 

5 positioned along the internal surfece of the jacket 10 and oriented parallel to axis 
AA' - BB' of tiie heart H and at least one, preferably a plurality, of stay elements 51 
positioned ciicumfcrentially around the jadcet 10 and balloon caflietcr. Inflation of 
Ae balloon increases the tension of the stay elements 51 and thereby effectively 
reduces die internal volume 16 defined by the jacket 10. After unplantation of die 

10 jad^ 10, die balloon catheter can be accessed using a connector imphmted just 
beneadi die patient's iskm at a convenient locatioa The connector can be implanted, 
befbre, after or at die time die jacket 10 is implanted on heart H. Alternately, die 
balloon catheter can be positioned circumferential^ along die interior sur&ce of die 
jacket 10 or in pre-deteanined locations on the interior sur&ce of die jadcet 10. 

IS 

G. fi|iritip[ TunirifwriiifiMe dianism 

In anodier enibodiment; a spring tensioning device is ixicoiponted into die 
cardiac constraint device. At die time die device is inqilanted, die spring is 
maintamed under tension by a suitable tensionrlodc medu mism . At a desired time 

20 after die device is implanted, die tenrion-lodc mechanism is "iripped" and die 
spring-toision energy and tension is transferred fi:om die spring to the jacket 10, 
resulting in reduction in die internal volume 16 defined by die jacket 10, and 
relaxation of die spring. IntCTnal, external and/or mmimally mvasive tripping 
medianismscanbeused. An exan^leofan external tripping mechanism is a 

25 aignaling deWce such as an niagnet A minimally invasive tripping mechanism can 
be a tool that is insected dnough an opening in the patient to trip die tension-lock 
medianisnL 

30 ]hanodierembodhnen^diejadcetl0indudesaband60(prBfisrablya 

verticd band, i.e., oriented paraM to longitudinal axis AA-BB of die heart H when 
in use) of elastic material, such as SUASTIC® material (Fig. 10). The vertical band 
of elastic material 60 allows die jac^ 10 to be stretdied to encompass a diseased 
heart widi an increased cardiac vohnne. When the elastic material is not stretdied 
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(i.e.» relaxed), the jacket 10 defines a volume that 

cardiac volume of a healthy heart Thus, as the heart undergoes reverse remodeling, 
die elastic band 60 in the jacket 10 relaxes and the maximum volume defined by the 
jacket 10 is decreased. 
5 Preferably, the vertical elastic band jadcet 10 is constnicted using a bax^ 

horizontally oriented (i.e., oriented drcum&rentially around the heart) elastic rods 
61. Fteferably tile rods are generally cylindrical to reduce tiie efibct of fibrosis jspoa 
contraction of the rods. Alternately, the vertical elastic band 60 may be a solid 
uni&xm sheet of elastic mateiial, prefisrably an elastic material with a smooth, 
10 slippery sur&ce is used (to reduce fibrotic adhesions). 

L Vertical Spring Tensio«i «p; natniw 

Jn an alternate embodiment, the jacket 10 includes a vertically oriented 
spring tedsioning device 55. The vertically oriented spring tensioning device may 

15 be constructed, for example, fiom a plurality of radially positioned, spaced, ribs 
having a first end, configured to lie proximate the apex 56 of the heart when in use, 
and s^nd end, configured to lie proximate the AV groove when in use. Theribs 
may be constructed fixmi a material such as nitinol, or other metal, polymer or 
composite material. The ribs 55 may be &stened to tiie jacket 10 material by a 

20 varied of mechanisms, including sutuies, loops of material, elongate tubes of 

material, or threaded between the fibers 20 or filaments 30 of die jacket 10 material. 
In one embodiment, the first ends of at least a few of the ribs 55 ate connected at die 
apex 56 of die jacket 10, which fimctions as a leverage point 

In an alternate embodiment, die jacket 10 may fiutfaer include a metal (or 

25 other material) riqg 57 that fits over die enlarged ventricles and slides uito place at 
die AV groove. Preferably die ring 57 fits loosely around die AV groo^ 
not q)ply undue pressure. The ribs 55, described above, preferably extend finrn die 
ring 57 towards the q>ex 56 of the jacket 10. The second end ofdie ribs 55 may be 
festened to die ring 57 by any suitable means, preferably by welding die ribs 55 to 

30 die ring 57. In this embodiment, odier end of die ribs 55 (proximate die apex 56 of 

the jacket 10) preferably remain unfettered. 

When in dieir initial, unloaded position (before ingtallmg on the heart H) , 

volume of the jacket 10 defined by the ribs 55 qyproximates the size of a healthy 

heart (e.g., prior to enlargement due to disease). When installed onto the enlarged 
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heart, the ribs 55 uppfy a genfle dicumfereatial preasuze (Le., towards the axis AX- 
AX of the jacket 10) (m the heart to halt and reveim cai^ 

GeaeraUy, tfie ribs 55 are curved to Mow the contours of the extend 
sux&^e of the heart H and to snugly fit the heart H at its enlarged diseased 
5 Preferably tibie ribs 55 are shaped such that, when fit over an enlarged diseased heart 
H, the ribs exert a compressive force. Preferably, the compressive fi>rce encourages 
reverse remodeling of the heart 

As die heart ventricle muscles under go reverse remodeling, ttie ribs 55 
m yi'ntftin pressure on die cardiac surface to encourage continued reverse remodeling, 
10 uritil die heart H size returns to a size that approximates the size of an undise^ 
(i.e.,une3qpanded) heart H. Once the heart obtains a size that q>proximates that of 
an undiseased heart, the ribs 55 rdax and no longer compress the heart H. 
Advantageously, this embodiment provides a continuous conqiressive force on the 
heart H that is not hindered by fibrosis and/or adhesioiis. 

15 

J. Oflw 

In some embodimrats, it may be usefiil to include other elements to fiu^ilitate 
the size reduction process. For exariQ)le, a biosiaterial that is laiow^ 
fibrous ingrowth or encq>sulation may be incorporated into the jacket Examples of 

20 such biomaterials include hyaluronic acid (active ingredient in Seprafihn, a 

commercially available fihn material fit)m Genzyme Corporation), polyettiylene 
glycol (active ingredient in FocalSeal-L, a commercial product &om Focal, Inc.), 
and polyvinyl^pyrolidone. 

In one embodiment, the biomaterial lines all or part of interior and/or exterior 

25 surfiu^e of the jacket 10. Preferably, the biomaterial is positioned between the jacket 
1 0 and the epicardial sur&ce to prevent fibroblasts torn the cardiac tissue 
infiltrating the jacket 10, thereby inhibiting fibrous ingrowth and encqisuladon of 
the jackrt 10. The biomaterial can be positioned uniformly along the inner surface 
of the jacket 10, or oviy in specified locations along the mner sur&ce of the jacket 

30 10. ForexanQ>le,diebiomaterialmayonlybelocatedbetweenthejacketlOandan 
underlying epicardial coronary artery, to facilitate identification o( and access to 
these arteries. 

Inclusion of a biomaterial in die device is particularly advantageous during 
subsequent operations on the heart, &r example coronary artery bypass surgery. 
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From the foregoing, a low cost. leduced ride me^^ 
treat cardiac disease. The inveDtion is adqrted for use wilh both early and la^ 
congestive heart disease patieats. The invention reduces the ealargemmt rate of the 
heart as well as reducing cardiac valve regurgitation. 
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WHAT IS CLAIMED IS: 

1. A cardiac coQstraint device for tivatmg disease 

a jadcet of flexible material defining an inteiiial volm^ 
S open upper end and a lower end; said j acket adapted to be secured to 

said heart to snugly conform to an external geometry of said heart 
and to constrain circumferential expansion of said heart beyond a 
tn ftYiTnum adjusted volume during diastole and permit substantially 
uniiiq>eded contraction of said heart during systole; and 
IQ . an adjustment mechanism a£Bxed to said jacket, wherein said 

ac^ustment mechanism is capable of altering said internal volume 
defined by said jacket after said jacket is secured to said heart. 

2. A device according to claim 1 wherein said adjustment mechanism is 

IS configured to reduce said internal vohnnedefinedbysaidjacket after said 

jacket is secured to said heart 

3. Adevice according to claim 1 wherein said adjustment mechanism is 
configured to alter the internal volume defined by said jacket by vaiying the 

20 thickziessof&ernaterial defining the internal volume. 



4. — A device according to claim 3 wherein said adjustment mechanism 
comprises hygroscopic polymer. 



25 5. A device according to claim 4 wherein said hygroscopic polymer is selected 
fiom the group consisting of glycosaminoglycans, cellulose, polyvinyl 
ak^hoO, poly(2-lqrdroxylthyhnethacrylate), polyeOi^ 
conibinatiQns thereof 

30 6. A device according to claim 3 wherem said adjustment mechanism 
comprises a balloon catheter. 

7. A device according to claim 1 wherein said adjustment mechanism 
comprises a specialized material. 
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8. A device according to claim 7 wherein said q^edali^ 
least one biodegradable elment 

5 9. A device according to claim 8 wherein said biodegradable element comprises 
biodegradable polymer. 

10. A device according to claim 9 wherdn said biodegradable polymer is 
selected fiom the gcoap consisting of polylactides, polyglycolides, 

to polyc{^lactone8tpo]yanhydrides,pblyamide8,p^ 

polyesteramides, polyorthoesteis, polydioxanones, polyacetals, pol>1cetals, 
polycarbonates, polyortboestos, polyphosphazenes, polyhydroxybutyrates, 
polyhydroxyvalerates, polyall^lene oxalates, polyalkylene soccmates, 
poly(methyl vinyl eQier), poly(maleic axihydxide), and copolymecs, 

IS conibinations or mixtures fliereof 

11. A device according to claim 9 wherem said biodegradable polymer is 
selected from the groi^ consisting of natural polymers derived from corn, 
wheat, potato, sorghums, tq)ioca, rice, arrow root, sago, soybean, pea, 

20 sunflower, peanut gelatin, milk, and eggs. 

12. A device according to claim 9 wherein said biodegradable polymer is 

.£ selected &om the group consisting of polysaccharides, proteins, poly(nucleic 

adds), poly(amino adds), and combinations di6reo£ 

25 

13. A device according to claim 8 wherem said flexible material conq)rises fibers 
whidi comprise filaments and wherem said biodegradable element comprises 
at a plurality of filament in a plurality of fibers of said flexible material 

30 14. A device according to claim 8 wherem add flexible niaterial^^ 

and said fibers define open cells and sdd biodegradable elonent comprises a 
biodegradable matrix embedded in sdd fibers, open ceUs, and combinations 
thereof 
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15. A device accordiiig to claim 7 wherein sd 
coxiqnises a stimulus sensitive xnateriaL 

16. A device accordiiig to claim 7 wherein said adjustment mechai^^ 
S comprises stimulus sensitive material 

17. A device according to claim 16 wherein said piezoelectric material 
conpises polyvinylidine fluoride. 

10 18. A deWce according to claim 15 wherein sttdstimuhis sensitive niater^ 
conqnises a memory metaL 

19. A device according to claim 18 wheim said memory metal comprises 
nitinoL 



15 
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20. A device according to claim 1 wherein said adjustment mechanism is 
configured to cinch the jacket material to effectively decrease said internal 
volume defined by said jacket 

21. A device according to claim 20 wherein said a4justment mechanism 
conqxrises at least one stay element 

22. A device according to claim 21 comprisixig a plurality of stay elements. 



25 23. A device according to claim 21 wherein a receptacle positions said stay 
element cm an external surftce of said j adoet 

24. A device according to claim 21 wherein said stay element is positioned 
ciicum&rentially around the jacket 
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25. A device according to claim 23 wherein said jacket material comprises a 
biodegradable material and said stay element and recq)tacle comprise non- 
biodegradable material 
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26. A device accoxdizig to claim 20 wherdn said aiyu^^ 
conqnises a spxing tensiomng device. 

27. A device accoidii^ to claim 26 wlierein said spring tei^ 

S comprises a spxing, a tension-lock mechanism and a tripping mechanism. 

28. A device according to claim 1 wherein said adjustment mechanise 
comprises a substrate structoie embedded in a biodegradable polymer matrix. 

10 29. A device according to claim 28 wherein said substrate structure 
prior to being embedded in flie polymer matrix. 

30. A device according to claim 28 wbereinflie substrate structure comprise 
nitinoL 

15 

31. A device according to claim 1 ^erdn said a4}ustment mecbaiodam 
comprises a band of elastic material 

32. A device according to claim 3 1 wherein said band of elastic material is 
20 oriented vertically. . 

33. A device according to claim 31 wherein said band of elastic material 
comprises horizontally oriented elastic rods. 

25 34. A device according to claim 31 ^exein said band of elastic material 
con^iises a unitary elastic panel 

35. A device according to claim 1 wherein said adjustment medianism 
comprises a vertically oriented spring tensioning device. 



30 



36. A device according to claim 3 5 wherein said vertically oriented spring 
tensioning device comprises a plurality of radially positioned spaced rib8» 
said ribs having a first end, configured to lie proximate said lower end of said 
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j acket and a second md, configuied to £e pioxixnate said vpp er ead of said 
jadceL 

37. A device according to daim 36 wfaeran said radially positioned ribs are 
5 adqrted and configured to exert an axially directed radial for^ 

external geometry of said heart 

38. A device according to claim 36 wherein said ribs are constructed from a 
material selected 6om the groi^ consisting of metal, metal alloy, polymer 

10 and combinations thereof. 

39. A device according to claim 38 wherein said metal alloy is nitinoL 

40. A device according to claim 36 wherein at least a few of said ribs are 
15 connected at said first end 

41. A device according to claim 36 finrther conqxrising a ring configured to fit 
around the A V groove when in use. 

20 42. A'device according to claim 41 wherein said second ends of at least a few of 
die ribs are fiastened to said ring and said first ends of at least afew of the 
libs remain unfettered. 

43. A method for treating cardiac disease ofa patients heart, said method 

25 conqxrising: 

surgically accessing said patient's heart; 

placing a cardiac restrainirig device around said heart, said cardiac 

xestraining device comprising a jacket and an adjustment mechanism; 
wherein said jacket is constructed of a flexible material and defines 
30 an internal volume between an open upper end and a lower end; 

adjustiogsaid jacket on said heart to snugly conform to an external 
geometry of said heart and assume a maximum at^usted volume for 
said jacket to constrain drcumfermtial expansion of said heart 
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beyond said iMxmiim gf^iMted volmnft dnriiig <Hfl|srt^lft m j 
pennitting mimpeded contnction of sdd heart du^^ 

suigicaUy closing access to said heart whUe leaving said jacket in 
place on said heart; and 
5 - adjusting said internal volume defined by said jacket after said jacket 

is in place on said heart using said acyustment medianisDL 

44, A method according to claim 43, further conyrimg a atqi of Ted umtig n aj/ft 
of said heart prior to placing said cardiac restraining device around said 

10 heart 

45. A mefliod according to claim 44, wherdn said stq) of reducing a size of said 
heart comprises reducmg a size of said heart using a LVAD. 

15 46. A method according to claim 44, wherein said 8tq> of redudng a si» 
heart comprises reducing a size of said heart by chronic pacing. 

47. A method according to claim 43, further conqmsiDg reducing a size of said 
heart by a method selected from the group consisting of LVAD and chronic 
20 pacing after said step ofsuigically closing access to said heart 
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